A method and apparatus for producing a cylindrical hollow body from a blank 

1. Field of the Invention 

The invention relates to a method for producing a cylindrical hollow body from a 
blank, with the workpiece being opened in the core region by successive swaging 
which are angularly offset against each other about the axis of the workpiece and 
being simultaneously pushed onto a piercing mandrel. 

2. Description of the Prior Art 

For producing a cylindrical hollow body from a continuous blank by forging it is 
known (EP 0 610 509 B1) to subject the blank to successive radial swaging and to 
rotate the same about its axis between the individual swaging steps. It has been 
seen that at a certain degree of deformation caused by forging forces, which de- 
gree of deformation covers the core region of the blank and which forging forces 
act from diametrically opposite sides onto the blank, tensile stresses occur in the 
core region of the blank which lead to an opening of the core, so that as a result of 
a step by step rotation of the workpiece between the individual swaging steps it is 
possible to forge a cylindrical hollow body from the continuous blank. The disad- 
vantageous aspect is however that the core material is opened in an irregular 
fashion as a result of the unavoidable non-homogeneities and fissures remain in 
the region of the inner wall of the obtained hollow body which considerably impair 
the strength properties of the workpiece. In order to avoid such fissures in the re- 
gion of the inner surface of the hollow body it has already been proposed (SU 715 
195 A) to open the core by a piercing mandrel which projects into the region of the 
swaging of the blank, therefore in a region in which the tensile stresses caused by 
the swaging become effective. These tensile stresses acting upon the core facili- 
tate the penetration of the piercing mandrel into the core of the workpiece, with 
fissures being avoided when an opening of the core before the mandrel is pre- 
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vented by the axial position of the mandrel Since the piercing mandrel penetrates 
the blank substantially only during the swaging of the workpiece, the axial feed of 
the workpiece between the individual swaging steps is determined by the elastic 
deformability of the piercing mandrel in the axial direction, thus considerably limit- 
ing the feed of the workpiece. If the piercing mandrel is substantially only used for 
widening the already opened core of the workpiece (RU 2 010 655 C1), the sur- 
face fissures obtained during the opening of the core by the mandrel can only be 
smoothed and partly covered over because the material oxidizes and cools off in 
the fissure region to such an extent that even during hot-forging it is no longer 
possible to weld the fissures in the region of the piercing mandrel. 

Summary of the Invention 

The invention is thus based on the object of providing a method for producing a 
cylindrical hollow body from a blank of the kind mentioned above in such a way 
that the feed of the workpiece can be increased considerably without having to 
fear any formation of fissures in the interior surface region of the hollow body. 

This object is achieved by the invention in such a way that the workpiece is 
pressed during the swaging with a predeterminable axial force against the pierc- 
ing mandrel which can be advanced against the workpiece against this axial force, 
which piercing mandrel is moved back to its initial position synchronous with the 
axial feed of the workpiece between successive swaging steps. 

Since as a result of these measures the piercing mandrel is advanced against the 
workpiece during the swaging of the workpiece in order to be returned to its initial 
position during the axial feed of the workpiece synchronous with the workpiece 
during the individual swaging steps, the feed of the workpiece depends on the 
working stroke of the piercing mandrel, so that the feed of the workpiece can be 
chosen according to the respective piercing conditions. The precondition is that 
the workpiece is subjected to a sufficient axial force in order to exclude any yield- 
ing of the workpiece relative to the piercing mandrel during its working stroke. The 
axial force to be applied upon the workpiece therefore depends, among other 
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things, on the respective material, the temperature and the deformation properties 
of the workpiece and the frictional conditions between the piercing tool and the 
workpiece. 

When the workpiece is provided with a centric depression on its face side facing 
the piercing mandrel prior to swaging, into which depression the piercing mandrel 
engages at the beginning of the swaging, deformation conditions can be created 
already in the region of the face side of the workpiece facing the piercing mandrel 
which ensure a fissure-free inner surface of the hollow body to be produced. 

If the workpiece deformation caused with the help of the piercing mandrel in con- 
junction with transverse forging is not sufficient in order to achieve a predeter- 
mined piercing diameter, the piercing diameter of the workpiece can be enlarged 
gradually in successive steps under swaging. 

For the purpose for performing a method for producing a cylindrical hollow body, 
there is an apparatus comprising at least two forging tools which are situated dia- 
metrically opposite of each other with respect to the workpiece, a chuck upstream 
of the forging tools in the direction of feed of the workpiece, which chuck is con- 
nected with an axial feed drive and a rotary drive, and a piercing mandrel which is 
axially displaceable by means of an actuator on the side of the forging tools oppo- 
site of the upstream chuck. If in such an apparatus the chuck upstream of the 
forging tools is provided with a face-side stop for the workpiece and a pressing 
cylinder for the workpiece supported on the face side, the piercing mandrel only 
needs to be provided with a configuration so as to be displaceable axially in a re- 
ciprocating fashion via its actuator depending on the feed drive of the chuck in or- 
der to advance the piercing mandrel in the case of a respective axial pressuriza- 
tion of the workpiece during the intervention of the forging tools against the feed- 
ing direction of the workpiece between the forging tools in order to advanta- 
geously pierce the workpiece as a result of the compressive stresses caused by 
the piercing mandrel and the tensile stresses effective simultaneously in the open- 
ing sense as a result of the swaging. When the forging tools are brought out of 
engagement with the workpiece, the workpiece must be rotated about a prede- 
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termined angle about its axis with the help of the chuck upstream of the forging 
tools and advanced according to the working stroke of the piercing mandrel axially 
against the forging tools, with the piercing mandrel being returned to its initial posi- 
tion synchronous with the workpiece feed in order to continue and end the pierc- 
ing in repetitive deformation steps. It is understood that such piercing over the 
workpiece length can be continuous or extend even only over a partial length. 

The axial pressurization of the workpiece can occur with the help of the chuck it- 
self which is upstream of the forging tools when a face-side support of the work- 
piece in the chuck is ensured and the pressing cylinder acts upon the chuck. More 
favorable constructional conditions are obtained, however, when the pressing cyl- 
inder is provided on the chuck and pressurizes the face-side stop for the work- 
piece which forms the receiving opening for the piercing mandrel. The feed drive 
of the chuck can be separated from the pressing cylinder, so that the stroke of the 
pressing cylinder can be kept small in comparison with the actuating path required 
for the feed drive. In order to avoid an obstruction of the rotation of the workpiece 
required between the interventions of the forging tools by axial pressurization of 
the workpiece by means of the pressing cylinder, the pressing cylinder can be 
joined to a rotary drive for the face-side stop in order to turn the workpiece syn- 
chronously with the face-side stop. 

When two chucks are provided which are upstream and downstream of the forg- 
ing tools, which generally will always be required when the piercing is made over 
the entire length of the workpiece for the production of a tubular workpiece, the 
chuck provided downstream of the forging tools must also be provided with a ro- 
tary drive. When the workpiece needs to be released from the upstream chuck 
during the piercing of the workpiece end facing the upstream chuck, the work- 
piece feed must be ensured by the downstream chuck, which needs to also per- 
form the rotation of the workpiece in combination of the axial feed of the work- 
piece. 

The piercing mandrel can comprise a piercing tool with graduated diameter sec- 
tions for the gradual enlargement of the diameter of the piercing. The piercing 
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mandrel must be positioned according to the respective work area relative to the 
forging tools in such a way that for each diameter section of the piercing tool the 
core opening can be utilized by transverse forging for the piercing. This gradual 
piercing of the workpiece need not be limited to one direction of passage of the 
workpiece. It is certainly possible to equip both chucks with a pressing cylinder for 
pressurizing the workpiece on the face side in order to pressurize the workpiece in 
both directions of feed with a respective axial force. The piercing mandrel must 
then axially penetrate the pressing cylinder of the associated chuck in such a case. 
This piercing in opposite directions of feed can be performed with the help of a 
single piercing mandrel when the piercing tool relevant for the piercing is ex- 
changed. It is also possible to assign each chuck to a separate piercing mandrel 
which will then axially penetrate the respective pressing cylinder. 

Brief Description of the Drawings 

The method in accordance with the invention will be explained in closer detail by 
reference to the enclose drawings, wherein: 

Fig. 1 shows an apparatus in accordance with the invention for producing a cy- 
lindrical hollow body in a schematic side view; 

Fig. 2 shows this apparatus in a schematic axial sectional view on an enlarged 
scale in the region of the forging tools and the chuck upstream of said 
forging tools, and 

Fig. 3 shows a modified embodiment of an apparatus in accordance with the in 
vention in a schematic axial sectional view in sections in the region of the 
forging tools on an enlarged scale. 

Description of the Preferred Embodiments 

The illustrated apparatus comprises forging tools 1 in the form of forging hammers 
which are situated diametrically opposite of each other with respect to the work- 
piece 2. Although merely two forging tools are shown, two pairs of hammers are 
usually provided for increasing performance, which pairs of hammers are mutually 
angularly offset by 90° and are actuated in an alternating fashion. The workpiece 
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2, which is supplied in the form of a blank with full cross section, but can also al- 
ready be configured in a tubular manner, is guided with the help of one of the forg- 
ing tools 1 in the direction of feed 3 of the chuck 4 upstream of the workpiece 2. 
For this purpose, the chuck 4 is rotatably held in a housing 5 which carries a ro- 
tary drive 6 for the chuck 4. The housing 5 with the chuck 4 is adjustable along a 
guide means 9 by means of a carriage 7 via a feed drive 8, preferably an actuat- 
ing cylinder. Chuck 4 also comprises a face-side stop 10 for the workpiece 2. Said 
stop 10 is axially pressurized via the piston rod 11 of a pressing cylinder 12 which 
is flanged on the housing 5 of the chuck 4. In order to ensure the joint rotation of 
the stop 10 with the chuck 4, which stop is held in an axially displaceable manner 
in the chuck 4, a rotary drive 13 for the piston rod 11 can be provided, which ro- 
tary drive can be triggered synchronously with the rotary drive 6 for the chuck 4. 
Notice must be taken that despite the torsionally rigid connection, the axial dis- 
placeability of the piston rod 11 is not impaired. 

As is shown especially in Fig. 1, a further chuck 14 is downstream of the forging 
tools 1 , which further chuck is also held in a housing 15 and is driven by way of a 
rotary drive 16. In an analogous fashion, the chuck 14 is held with the housing 15 
via a carriage 17 which can be moved by a feed drive 18 along a guide means 19. 
The hollow chuck 14 is penetrated by a piercing mandrel 20 however which can 
be driven in a reciprocating manner via an actuator 21 depending on the feed of 
the workpiece. The piercing tool 22 of the piercing mandrel 20, which projects into 
the region of the swaging of the workpiece 2 between the forging tools 1 , com- 
prises a tapering end 23 and cylindrical calibrating section 24 adjacent thereto, so 
that the piercing and the calibration can be performed in one pass. 

In order to facilitate the piercing of the piercing tool 22 in the entrance face side of 
the workpiece 2 and to prevent the formation of fissures at the beginning of the 
piercing, the work piece 2 is provided with a centric depression 25 prior to the ac- 
tual piercing process, which depression is drilled prior to the chucking of the work- 
piece 2, but can also be produced after the chucking by the piercing tool 22 itself 
of by a special tool which can be positioned in the middle of the machine. 
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For piercing, the workpiece 2 is moved with the help of the feed drive 8 step by 
step through the forging device in the time intervals in which it is released by the 
forging tools 1, and is rotated simultaneously with the help of the rotary drive 6 
about its axis about a predetermined angular step. The swaging performed by 
these feed movements by way of the forging tools 1 lead to tensile stresses in the 
core of the workpiece 2 which act upon the core in the opening sense and support 
the compressive stresses caused by the piercing tool 22, so that the piercing of 
the workpiece 2 via the piercing mandrel 20 can be performed with a compara- 
tively low expenditure of force. In order to ensure higher throughput, the piercing 
mandrel 20 is advanced during the swaging of workpiece 2 between forging tools 
1 against the direction of feed 3 of the workpiece 2, with the workpiece 2 being 
pressurized with a respective pressing force in the direction of feed 3 by the 
pressing cylinder 12. During the feeding motion of the workpiece 2 between the 
swaging, the piercing mandrel 20 is returned to its initial position via the actuating 
cylinder 21 synchronously with the feed drive 8 in order to be advanced again in 
the next following swaging against the workpiece 2 against the direction of feed 3. 
When the workpiece 2 is pierced over its entire axial extension, the feed of the 
workpiece in the axial direction and circumferential direction can no longer be per- 
formed by the chuck 4 upstream of the forging tools 1 once the workpiece end as- 
sociated with this chuck 4 is machined. In this case, the opposite chuck 14 per- 
forms the feed motions both in the axial as well as the circumferential direction. 
The pressurization of the workpiece 2 via the pressing cylinder 12 of the chuck 4 
is maintained. The face-side stop 10 for the workpiece 2 is provided with a receiv- 
ing opening 26 for the piercing tool 22, so that the workpiece support via the 
pressing cylinder 12 is continuously ensured. 

if the piercing width which can be achieved with the diameter of the piercing tool 
22 is insufficient, the workpiece 2 can be machined in an incremental manner. 
Such a machining with the help of a piercing mandrel 20 whose piercing tool 22 
comprises two graduated diameter sections 27, 28 is shown in Fig. 3. Once the 
workpiece 2 has been pierced according to the smaller diameter section 27, the 
made perforation is widened by means of the larger diameter section 28, which 
again occurs by simultaneous swaging, so that the tensile stresses effective by 
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such swaging can be used advantageously for the piercing process. In order to 
perform the widening of the piercing, the piercing mandrel 20 must be displaced 
by means of the actuator 21 in such a way that the diameter section 28 of the 
piercing tool 22 comes to lie in the region of the swaging of the workpiece 2 by the 
forging tools 1 . 

It is understood that the invention is not limited to the illustrated embodiments. 
The only relevant aspect is a respective axial pressurization of the workpiece dur- 
ing the working stroke of the piercing mandrel 20, with the working stroke being 
performed during swaging. The swaging can be performed by forging hammers 
and also by forging presses. The workpiece 2 can also be hot-formed, semihot- 
formed or cold-formed. In special cases the forging tools can be triggered in such 
a way that they are switched over, following the piercing of the workpiece, from a 
core-loosening to a simultaneous core-compressing impact sequence. The pierc- 
ing mandrel 20 itself can be held in a non-rotatable way, but also rotate with the 
workpiece or be rotatably driven in addition relative to the workpiece. 


